Abstract: Excessive MSW (municipal solid waste) production is a growing management problem for cities in developing countries, such as South Africa. A major problem in the city of Tshwane is that all the MSW generated in the city is currently being landfilled with very little recycling initiatives. Selective waste collection and sorting waste fractions out of the waste stream have become a popular survival strategy for the economically excluded population in Tshwane. Reclaimers (waste pickers) work under severe and chronic occupational health and injury risk on landfill sites. The middlemen who purchase their recovered materials exploit and marginalize them. Environmental and social awareness is however a growing issue in South Africa. The study was conducted with the aim of investigating and proposing community recycling programs and technologies to be sustainably implemented in the city of Tshwane. Successful established community recycling programs in Brazil was investigated to verify its socioeconomic and environmental impacts in a sustainable waste management perspective. Community recycling initiatives have been increasingly used as a strategy to address both the MSW problem and urban poverty in Brazil. The study focused on the city of Tshwane, but it can be argued that the findings can be implemented in any other South African municipality and in other emerging countries in Africa.
Introduction


The more MSW (municipal solid waste) is generated, the greater the need to dispose of it responsibly. MSW disposal methods, such as incineration and landfilling, release pollutants and greenhouse gases into the environment. MSW recycling offers a means of reducing the impacts of MSW disposal on the environment and a critical component in the conservation of the earth's natural resources. Recycling reduces the amount of litter and the cost of MSW disposal [1] .
Liu [2] contends that almost all MSW materials can be recycled in some way if people are willing to devote enough time and money to the recycling effort. He further suggests that approximately 75% of the MSW discarded in the United States is recyclable or compostable.
According to Grover et al. [3] , recycling MSW in the United Kingdom, in order to process it into usable raw materials or products is likely to remain a relatively small-scale method of dealing with waste because the economics of scale of recycling is highly volatile and most of these schemes are kept viable only through subsidy schemes. According to Bilitewski and Dornack [4] , Germany is a leading nation in the drive to become a "recycling society". The recycling rate in Germany (2006) of the residual MSW fraction is approximately 60%. By 2020, Germany wants to have completely phased out landfilling of MSW and to have achieved a sustainable MSW management system. Matsunaga and Themelis [5] state that recycling efforts are very successful in Japan and that in 1999 already an estimated 55% of the paper, 81% of metal cans and 23% of PET (polyethylene terephthalate) bottles were recycled. As of April 2001, air-conditioners, television sets, washing machines and refrigerators have to be recycled by the user at a certain fee. The target is to close the material loop completely.
The amount of recycled material is significantly influenced by the cost of MSW management. If the cost of raw materials drops below a certain point, then recycling is no longer a viable option. Over 50% of MSW being disposed of in landfills in South Africa has the potential to be recovered for recycling or reuse, specifically paper, glass, plastic and metals [6] .
In developing countries, reclaimers (waste pickers or informal waste collectors) are unrecognized agents of recycling. Through dangerous and laborious work, reclaimers search for paper, glass, plastics, metals and other recyclables in landfills. Both society and the middle man who purchase their recovered materials exploit and marginalize them. In spite of their circumstances, the economic and social value of their work offers them opportunities for socioeconomic advancement.
Environmental and socioeconomic awareness and development are a growing issue in South Africa. The South African Government stated that the key outcome of the Rio+20 (2012) for South Africa was the recognition of green economy policies as a viable tool for advancing sustainable development and poverty eradication.
The aim of the study was to propose community recycling programs and technologies to be sustainably implemented in Tshwane. Successful community recycling programs are established in Brazil. These programs and technologies were studied and, by examining experiences from Brazil, the study evaluates community recycling initiatives to sustainably improve the environment and livelihoods of reclaimers.
The study recommends that Tshwane seriously consider promoting recycling initiatives to reduce the burden on landfill airspace and as a strategy for poverty alleviation.
Recycling Status, Strategies and Initiatives in South Africa
The South African Government, in its White Paper on IP&WM (Integrated Pollution and Waste Management) and the NWMS (National Waste Management Strategy), promotes the concept of waste minimization, reuse and recycling as an alternative to disposing of MSW to landfills. Recycling can also be a means of job creation and generation of income [7] .
The amount of material recycled is significantly influenced by MSW management cost. The higher the cost of disposal, the higher the percentage of materials recycled. When the cost of raw materials drops below a certain point, recycling is no longer the preferred option. Over 50% of the MSW being disposed of to landfills in South Africa has the potential to be recovered for recycling or reuse [4] .
As the costs of landfilling are currently (2012) relatively low in Tshwane of South Africa when compared to those in Europe, recycling does not present an attractive option. It is however realized that the market value of land used for a landfill has also exponentially escalated in relation to the same land being used for residential property.
The introduction of the plastic bag levy in South Africa has demonstrated the potential reduction in the use of plastic film. There may be similar opportunities to reduce the use of other recyclables such as papers and glass, especially where these cannot be easily recycled.
Recycling Programs
The following three broad types of recycling programs will be discussed with reference to the situation in South Africa to indicate the initiatives already in place.
2.1.1 Drop-off Recycling Centers Centers are set up for the public to deliver their recyclables to a designated collection site. Containers need to be clearly labeled and placed in a convenient location. Shopping centers and schools are often willing to participate by providing a convenient drop-off area in their parking lots. Regular scheduled pickup and cleaning are prerequisites.
Drop-off recycling centers, providing containers for Curbside collection of recyclables presents challenges although the opinion is that it is possible to implement strategies for curbside collection on condition that it is promoted using an effective awareness campaign in participating communities.
Recycling Rates
More than 59 million t of general waste is estimated to have been generated in South Africa during 2011. Only approximately 10% was recycled and the remaining 90% disposed at landfill. Table 1 [10] indicates that the highest rate of recycling is achieved by the metals sector (80%), followed by paper (57%), organic waste (35%) and glass (32%). The rate of recycling of tyres was only 4%.
Recycling Status, Strategies and Initiatives in Brazil
In Brazil, only 2% of the MSW produced is recycled and the rest is destined to landfills. Only 6.4% of Brazilian municipalities have official waste recycling programs. The recovery of recyclable material is largely left to reclaimers, who earn a living by collecting recyclables and selling them to private recycling companies [11] .
The MSW production is directly connected to consumer behavior and lifestyle, so as the Brazilians are economically emerging and being able to consume more, they necessarily end up producing more waste, a phenomenon typical of a developing country.
The main barrier for recycling in Brazil is the lack of infrastructure and only 62% of the Brazilian population have access to regular MSW collection and the collection of recyclable material is very rare. There is also a lack of measures that can really educate the population about the importance of recycling. 
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The collection of recyclable material in Brazil has been an informal activity, performed mainly by reclaimers, who are extremely poor people who see recycling as a way of earning a living [12] . As only a few cities have programs in place for the collection of recyclable material, reclaimers turn out to be the only alternative for those who want to recycle their waste [11] . A recycling cooperative is an industrial cooperative, co-owned and maintained by workers, and specializes in the recycling of MSW fractions. Such cooperatives are non-profit. Recycling cooperatives can generate many environmental and economic benefits. For example, it can create jobs and income, supply valuable raw materials to industry, reduce the need to develop more landfills, clean up city streets and prevent greenhouse gas emissions. An organized approach to recycling can benefit a community through empowering them to create an income and improve their quality of life, health and safety.
Indicators analyzed showed that the programs resulted in economic gains for reclaimers, increased social capital and they contributed to the reduction of MSW destined for landfills.
Brazil has about 500 reclaimer cooperatives, with about 60,000 members [13] . Belo Horizonte is a city to incorporate former street reclaimers into a program called ASMARE (Voluntary Association of Collectors of Paper, Cardboard and Reusable Material). In 2008, ASMARE had 380 members (55% of them are women) and recycled 500 t of recyclables per month. Another well-known cooperative, COOPAMARE (Cooperative of Autonomous Collectors of Paper, Trim Paper and Reusable Material) was founded in São Paulo in 1989 and in 2008 it already had 80 members along with about 200 independent reclaimers selling recyclables. COOPAMARE collected and sold approximately 100 t of recyclables a month, at a lower cost than the city's recycling program. The reclaimers earn approximately USD300 per month [13] .
According to Medina [13] , the MSW reclaiming in Brazil is recognized as an occupation and organized reclaimers are seen as legitimate stakeholders who can voice their opinions at local and national levels. A national program, named Integrated Solid Waste and Carbon Finance Project, developed strategies for incorporating reclaimers into local MSW management systems [13] .
As the MSW reclaiming activities are supported by the Brazilian Government, the National Policy on MSW was approved on the August 2, 2010, mandating that the 800,000 reclaimers be included in municipal recycling programs, thereby promoting cooperatives and federal incentives. The National Movement of Recyclable Material Collectors expects that the policy will lead to an increase in average income of MSW reclaimers if they belong to a cooperative. Organizing MSW reclaiming activities into recycling cooperatives has been one of the Brazilian Business Commitment for Recycling's (a nonprofit organization working for the promotion of recycling (a nonprofit organization working for the promotion of recycling)) main activities [12] .
The city of São Paulo, the largest metropolitan area in South America, produces huge amounts of MSW per day and, in order to manage this constant flow of MSW, the municipality provides recycling services for most of its neighborhoods. The large volume of recyclable MSW, however, overwhelms the capacity of these services. Reclaimers are consequently a common sight in São Paulo's crowded streets. In an effort to curb the visual presence of these reclaimers and their carts in the city center, a program of recycling cooperatives was started by the city and in 2012 serviced 16 districts [14] .
In the cities, São Paulo, Belo Horizonte, Salvador and Brasília NGOs (non-governmental organizations), universities and government agencies have encouraged and sponsored the formation of reclaimer cooperatives. An example is in the city of Brasília where the University of Brasília in 2006 initiated 22 cooperatives with 2,613 reclaimers [15] .
As part of its agreement with the municipality, the
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COOPERE cooperative must handle all of the recyclable MSW collected by municipality in its district and is put in charge of finding buyers for the material. In exchange, the cooperative is given use of a truck and has formed a list of over 700 clients, from which they have on-site access to recyclables. Workers are paid proportionately to hours worked, based on the net profits made from material sales [14] . Only 5% of São Paulo's city budget is dedicated to recycling programs and little to none of it is spent on education and training for potential reclaimers and entrepreneurs [14] which is however typical of a developing country and also the case in Tshwane.
It is noted that a challenge in forming reclaimer cooperatives is the lack of working capital to enable them to deliver the materials in sufficient amounts and with regular timing to the recycling industry. There is a need for funding of these cooperatives by the local municipalities and government. Fig. 1 illustrates the infrastructure needed by a reclaimer cooperative and the typical working routine for sorting and pressing recyclable material in accordance with the requirements of industries that purchase recyclable material.
MSW Disposal and Recycling in Tshwane in Perspective
The approach of Tshwane to MSW treatment and disposal is similar to cities in Brazil that is typical of a developing country. The treatment of MSW generally involves only minimum volume reduction followed by disposal to landfill. It is noticed that landfill airspace, which used to be fairly readily available, remains the lowest cost disposal option in Tshwane. Illegal dumping of MSW and the creation of informal landfills constitute a major problem in informal settlements. This is largely due to a lack of organized collection and poor enforcement by authorities responsible for monitoring MSW management systems in informal settlements. It is evident that there is a need to promote recycling strategies to ease the pressure on landfills.
Quantity and Composition of MSW Generated in Tshwane
Tshwane generated MSW at 1,070 kg/capita/annum in 2002 [10] . This amount is very high when compared 
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Recycling Activities in Tshwane
Site visits were undertaken (2012) to the four landfill sites in operation in Tshwane to obtain data on the efficiency and sustainability of the reclaiming activities at the landfill sites. It was observed that the MSW stream reaching the landfill sites in Tshwane is heterogeneous because very little separation is done at source.
The observation was made that the reclaiming activities were taking place at all four landfill sites operated by Tshwane (Fig. 3) . It was estimated that the activities of the reclaimers reduce the MSW stream entering the various landfill sites by approximately 20%.
According to reclaimers working on the landfill sites, they work independently from collecting, sorting and selling the materials to recycling vendors (Fig. 4) . At the Hatherley landfill site, there is however a simple organizational structure in place. A committee was formed to manage the process between the reclaimers who collect, sort and prepare materials before they are sold to vendors.
Due to the large quantities of recyclable materials in the MSW arriving at landfill sites in Tshwane, informal reclaiming, as a form of income generation, takes place and a significant number of reclaimers are active on landfill sites where they recover recyclable materials by handpicking (Fig. 3) . They work without the necessary protective wear. It is obvious that the living and working conditions are poor and very dangerous. This is a third-world system of every man for himself.
One should recognize the fact that if so many reclaimers are active on the landfill sites, then there should somehow be opportunities for implementation of sustainable reclaiming cooperatives.
From the information presented, the conclusion can be drawn: there is a market for the recyclable materials, therefore, there is a potential to develop and formalize the activities undertaken by the reclaimers on landfill sites in Tshwane in a structured model to improve their working conditions, safety and raise their income.
The following prominent buy-back centers are operating in Tshwane: Mpact Recycling, Remade, Nampak and Sappi (Table 2) .
Collect-a-Can is a joint venture of Nampak and Iscor. It is a non-profitable environmentally conscious organization. Collect-a-Can receives recyclable cans from a wide range of suppliers. Collect-a-Can which will collect on request, locally within a distance of 18 km from the facility, is mostly supported by schools, fundraising organizations and environmentally conscious residents. The prices per ton of collected cans depend on the volume supplied, hence approximately ZAR600 (2013) delivered, the price is 50% if collected by Collect-a-Can.
Mpact Recycling (Pty) Ltd which was founded in 1975 is currently the biggest paper recycler in Tshwane. Mpact Recycling however claims that only about 23% of the approximately 8,000 households that are serviced curbside paper collection participate in paper recycling, which has an impact on the economic viability of continued collections (2013). The prices paid vary according to grade and batch size.
The amount of MSW generated and disposed of at Tshwane's remaining four landfill sites, amounted to approximately 2.6 × 10 6 m 3 . Tshwane charged ZAR85.00 per ton (2012) to deliver MSW at its landfill sites. Although recycling currently, in economic terms, costs more than landfilling, it should be realized that long-term strategic goals should be the main focus in decision-making regarding minimization strategies to be implemented in Tshwane. There is a need to limit MSW generation through recycling initiatives within Tshwane. The bottom line is that Tshwane should introduce financial incentives and regulations to encourage recycling as these will make it much easier for people to choose how to live.
Formation of Reclaimer Cooperatives in Tshwane
Companies that use recyclables materials encourage and support the existence of middlemen between the companies and the waste reclaimers on landfill sites in order to assure an adequate volume and quality of material. This practice however results in exploitation of the reclaimers, since they are forced to sell their recyclables at reduced prices to a middleman who in turn sells to various recycling companies. These recycling companies however demand a minimum quantity from the middleman and will not buy materials from individual reclaimers.
The poverty of reclaimers can be contributed to the low prices they are paid for their recyclables. The low prices paid for recyclables, in turn, are often the results of high profits obtained by the middlemen that purchase the recyclables from the reclaimers.
The formation of reclaimer cooperatives will rule out the middlemen and therefore higher prices will be paid to the members of the cooperative. The higher prices paid to the cooperative result into a higher income and a better standard of living for the reclaimers.
The South African government has set aside ZAR250 million (2012) to assist SMME (small microand medium-sized enterprises). It is critical that reclaimer cooperatives are supported by this funding. This can be done through activities such as providing training to reclaimer cooperatives, ensuring that the local municipalities, such as Tshwane, set in place practices and by-laws that ensure that reclaimer cooperatives are benefiting from government funding. The IWMPs (Integrated Waste Management Plans) for municipalities should recognize the important role of reclaimers and develop plans with this in mind.
It is suggested that the MSW stream in Tshwane is separated at source into only two fractions: a wet fraction and a dry fraction. The reason for proposing wet and dry separation is due to the reported success with the method. Gottsegen and Whitman [17] in 1994 reported a more than 50% successful diversion of MSW in a pilot study in California. Richard and Woodbury [18] also maintain that this collection method has proved to be sustainable. This approach segregates the MSW stream into only two fractions: a wet fraction containing all biodegradable material such as kitchen waste, pet waste and sweepings, greens, non-recyclable packaging and wasted paper and a dry fraction containing materials destined for recycling. This system, because of its simplicity, in terms of introduction and collection, is to be recommended for implementation in Tshwane and could be refined in the long term.
These two fractions are then collected separately at source (curbside), on a weekly basis, and taken to the MRFs (Material Recovery Facilities) which will be managed by reclaimer cooperatives. The reclaimers will then separate the dry materials such as paper, plastic, glass and metal. It is important that Tshwane develops MRFs in cooperation with reclaimer cooperatives as this will result in improved human well-being and social equity, while significantly reducing the current (2013) landfill airspace scarcity in Tshwane.
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Such as Tshwane The following options could be considered: The recyclable fractions shall be collectively placed in a separate closed bag at the top of the 240 L wheelie bins currently in use. Tshwane will then empty the bins and collect the material for processing. The alternative is that the recycled fraction should be placed outside, next to the wet fraction in the wheelie bin, for collection by the cooperatives and taken to the MRFs.
It is realized that there is no evidence that this latter proposal has been tested for sustainability or that it has been implemented. It can be concluded that such an exercise will allow for a smooth transition to total dry and wet separation, therefore, it should be put to trail.
Acknowledging the fact that Tshwane should consider source separation, Tshwane could also consider accepted strategies that include MSW transfer stations combined with MRFs as suggested by Snyman [16] . It is obvious that the high costs associated with transporting MSW from a transfer station to a waste disposal facility place a high priority on diverting as much MSW as possible from the transfer station to alternative sites or facilities and, preferably, for beneficial use such as recycling. Fig. 5 illustrates the proposed materials flow incorporating MRFs organized by reclaimer cooperatives. The waste stream is separated at source in two-streams (dry and wet fraction). The two fractions are collected separately by the local municipality. The dry fraction is taken to the MRFs and the wet fraction is landfilled. At the MRFs, the waste is sorted manually by the reclaimers and the recyclables sold to industries. The residual material will be collected at the MRF by the municipality and landfilled.
Conclusions
The current MSW management strategies in Tshwane reveal minimal emphasis on recycling and a continuing dependence on landfill as the sole method of disposal. As the costs of handling MSW increase, so the arguments in favor of MSW recycling are built on financial justification. It is inevitable that measures should be investigated to reduce MSW disposal costs. The opinion is that greater investment by Tshwane in source separation and strategies should be put in place for curbside collection of recyclables.
It is evident that the emphasis in service provision in Tshwane needs to shift from the provision of MSW collection with low-frequency recycling services, to the provision of high-quality collection systems complementing recycling. Tshwane's IWMPs would need to incorporate strategies in which resources could One should be realistic and accept that it will never be possible to avoid and prevent MSW from being disposed to landfill, but it is possible that the MSW cycle could be minimized.
Through incorporating communal recycling programs and job development strategies into environmental policy, municipalities in developing countries can apply the lessons learned from Brazil and strive towards holistic sustainable development.
The economic viability of recycling cooperatives involves the financial investment in physical infrastructure such as buildings and equipment, purchase of vehicles for the collection of recyclables and technical training programs for the reclaimers.
This study has shown the importance of governments, educational institutions, industry and NGOs in assisting reclaimers to establish cooperatives.
